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"T he Tobacco Monopoly Act of the People's Republic of China" passed in 1991 requires that smoking should be banned or restricted in public places and on public transportation. "The Act for Protection of Minors" (1991) stipulates that no smoking is allowed in classrooms or dorms of middle schools, elementary schools, and kindergartens. In 1997, the central government drafted its first legislation that banned smoking in public transportation and its waiting areas. 1 Many provinces and cities also passed their own regulations. In 1993, Suzhou of Jiangsu Province became the first city in the country to ban smoking in all public places. By October 2006, 46% of all cities in China had passed regulations banning smoking in public places. The coverage of these local regulations went beyond public transportation and associated waiting areas, which are stipulated by the national law, to encompass most of the public places, including cinemas, museums, shopping malls, pubs, hospitals, kindergartens, and schools. 1 Compared with smoking in public places, workplace smoking has scarcely been mentioned in the law in China. There are cases of voluntary adoption of smoke-free policies at work, typically in certain professions, such as among health care institutions, but to date, there has been no regulation at any government level restricting workplace smoking in China. A typical worker spends 8 hours a day at work, and studies have shown that the work-place is one of the most important sources of secondhand smoke (SHS) exposure for nonsmokers. 2, 3 In 2005, China Center for Disease Control and Prevention (China CDC) proposed that all CDC offices, hospitals, and university hospitals around the country ban smoking in their premises. Some institutes already had a smoke-free policy in place before the proposal, and some others signed the proposal to adopt the policy. Nevertheless, China CDC has no administrative control over most of the institutes mentioned above. In the end, only a minority of the institutes signed the proposal, and most were left without a smoking policy. To investigate the degree to which such a smoke-free policy has achieved its desired goal of protecting the health of nonsmokers at work, we compared the SHS level across fourteen healthrelated government buildings with different types of smoking policy.
In one building where a smoke-free policy was recently enacted, we were also able to evaluate the policy by sampling the SHS concentration both before and after the policy implementation.
Materials and Methods
We conducted a survey of smoking policies among 38 attendees from two tobacco advertising work- The average weekly concentration of SHS was measured with a passive monitor that samples nicotine; a filter treated with sodium bisulfate is held in a modified 4-cm-diameter polystyrene cassette, a membrane filter serves as a windscreen, and nicotine passively diffuses to the treated filter, where it is trapped; details are presented by Hammond et al 4 and Hammond and Leaderer. 5 The effective sampling rate is 24 mL/min. Samplers were attached to the ceiling or lamp by duct tape and were kept at a minimum distance of 50 cm from the nearest door or window, 15 cm below the ceiling, and 30 cm away from the wall. The collected nicotine was analyzed by gas chromatography with nitrogen selective detection. 4, 5 The laboratory analysis method had the sensitivity to detect 0.087 g/m 3 of nicotine in the air; nevertheless, the detection limit used in the current study was based on the mean Ϯ 2 SD of the field blanks, which was 0.15 g/m
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. Only 27 of 395 samples were below the detection limit. Because nicotine level quickly drops to near zero after smoking stops, we used 40 hours instead of 168 hours as the sampling time to calculate the nicotine concentration to better reflect the true exposure level of a nonsmoking worker. Between 12 and 63 samples (median ϭ 25) were collected per building. Approximately two thirds of all the samples were collected in offices, and the remainder was collected in hallways, lounges, stairways, men's restrooms, lobbies, conference rooms, elevators, and one dining hall. None of the buildings in this study had a central HVAC (heating, ventilating, and air conditioning) system; they relied on windows for ventilation. Two types of smoking policy were observed in the buildings we surveyed: smoke-free policies and restrictive smoking policies. A smoke-free policy is the one that bans smoking in all locations inside the building, whereas a restrictive policy allows smoking only in designated areas such as the smoking lounge. On January 1, 2006, one of the buildings in the survey that did not have a smoking policy before implemented a smoke-free policy. To evaluate the effectiveness of the policy, nicotine samples were collected both 1 week before and 2 months after the policy implementation. Sampling before and after implementation took place during the same season, so that the influence of outside temperature on air exchange rate (eg, open windows) was minimized.
Results
The nicotine concentrations in the 14 buildings ranged from below detection limit (Ͻ0.15 g/m . Significant nicotine concentrations were found in major locations inside the buildings ( Fig. 1 and Table 1 ). For instance, 74% of the offices with at least one smoker had a concentration above 1.0 g/m . Overall SHS exposure was found to be higher in buildings in northern China (Fig. 1) . As all the samples were collected during winter, when windows are usually closed in northern China, and are often open in the south, the difference in air circulation from window status may have contributed to the higher nicotine concentrations observed in northern China.
Compared with the 10 buildings with no smoking policy, the four buildings with a smoke-free or a restrictive policy had lower concentrations of nicotine. Of the 14 buildings we sampled, two in northern 24% (5) 8% (4) 12% (9) 12% (15) 54% (49) 8% (6) 34% (55) 30% (79) 47% (54) 8% (10) 27% (64) 24% (94) China had a smoke-free policy, and two in southern China had a restrictive policy. The presence of a smokefree policy or a restrictive policy was associated with considerably lower SHS concentration in offices (including both offices with at least one smoker and offices with no smoker) as well as in the entire building (Table 1) . In buildings with a smoking policy, the median SHS level was 67% lower in offices with at least one smoker and 30% lower in offices with no smoker. When all the samples in the building were considered, the median level was 44% lower where there was a smoking policy. A similar effect of policy was also reflected in the percentages of samples with high concentrations (Table 1) . When separately analyzed by geographic region, a smoking policy was found to be associated with lower SHS concentration inside the building in both northern and southern China. For all 14 buildings, offices in buildings with smoking policies had less than half SHS as offices without smoking policies.
In one building where we sampled the air before and after a smoke-free policy was implemented on January 1, 2006, the SHS concentrations decreased significantly after the policy was enacted (for policy details, please refer to Appendix). Figures 2 and 3 compare the nicotine concentrations measured at the same locations before and after policy implementation. The average nicotine concentration in all offices decreased 80%, from 14. ). An 86% decrease was also observed in hallway samples after the policy was enacted (Fig. 2 and Table 2 ). Figure 3 compares the nicotine concentrations measured before and after policy implementation from locations other than offices and hallways. The nicotine concentrations decreased in restrooms and lounges, but increased in lobby, stairways, conference rooms, and dining hall. One possible explanation for this nonuniform reduction of SHS concentration is that the smoke-free policy may have driven smokers to smoke in less noticeable locations, such as stairways.
We also surveyed the smoking behavior of the employees in each institute. Considering that the rate of smoking in women in the general public was only 4% and the rate among female health professionals would be even lower, we surveyed the smoking behavior among only male employees. Although the rate of smoking in men in most of the institutes was between 10% and 30%, much lower than the general public (Ͼ60%); five institutes had a smoking rate higher than 30%, including one institute where more than half of all the male employees were smokers.
Discussion
The two buildings with a smokefree policy had a "Smoke-Free Workplace" sign posted at the entrance of the building as well as smoke-free signs posted inside the building. Incentives were offered to employees who quit smoking, and fines were issued to those who smoked inside the building. No ashtray was allowed anywhere in the building and the smoke-free policy also applied to visitors. There were no smoking rooms or smoking areas inside the building.
The two buildings with a partial smoking policy instead of a complete ban also had a "Smoke-free Workplace" sign posted at the entrance of the building as well as smoke-free signs posted inside the building. But, the policy was less strict in that there were no incentives for quitting or fines for smoking inside the building. The most notable difference is that both of these two buildings had ventilated smoking rooms or smoking areas inside the building.
Phillips et al 6 sampled 145 office workers in Beijing using personal monitors and found that the median 24-hour average nicotine level was 0.8 g/m 3 for those who worked at office buildings that allowed smoking and 0.3 g/m 3 for those who worked at office buildings that did not. Because both groups of subjects lived in nonsmoking homes at the time of sampling, if one assumes the home nicotine concentration to be close to zero, the expected 8-hour average nicotine concentration at work would be 2.4 g/m 3 for those who worked at smoking office buildings and 0.9 g/m 3 for those who worked at nonsmoking office buildings. A similar study conducted in Hong Kong by the same group of authors 7 found that the median concentration of nicotine was 0.5 g/m 3 for those who worked at office buildings where smoking was allowed and 0.1 g/m 3 for those who worked at office buildings where smoking was restricted. Similar levels of nicotine concentration were observed in our study; the median level was 1.2 g/m 3 for all 14 buildings combined and 1.4 g/m 3 for buildings without a smoking policy. That smoke-free policy reduces SHS concentration at the workplace was also observed by Hammond et al 2 in US office buildings. After reviewing 22 previous studies that measured nicotine concentration in office settings, Hammond et al 2 found that the presence of a restrictive smoking policy led to an 85% reduction and a smoke-free policy led to a 97% decrease in nicotine concentration.
Only four of the 14 buildings in our survey had a smoking policy. Because all 14 buildings in the current study were health-related government office buildings, where the smoking rate was much lower and the awareness of the health effects of smoking and passive smoking was much higher compared with the general public, we expect that fewer workplaces outside the health profession would have a smoking policy and the concentration of SHS exposure in the workplace would be higher. To illustrate the level of SHS one can be exposed to at work in the general public, we selected worksites in our survey that did not have a smoking policy and evaluated the situation of SHS exposure in various locations inside these building. We found that 59% of these offices had a nicotine concentration above 1.0 g/m 3 and 25% above 10.0 g/m 3 . The average concentration was 8.4 g/m 3 in offices and 6.8 g/m 3 in the entire building; nevertheless, the smoking rate among men was lower among these health workers (ϳ30%) than among the population at large (Ͼ60%), so SHS concentrations would be expected to be higher in most other office buildings. Repace et al 8 estimated that 70% of nonsmoking office workers in the United States were exposed to SHS at work in 1990, and that this occupational exposure caused 4800 deaths annually from heart disease (4400) and lung cancer (400). Assuming the same concentrations of SHS as in the United States and that virtually all office workers in China are exposed to SHS because smoking policies at work are rare in China, and also considering the fact that the size of nonfarming employment population in China is three times larger than in the United States, SHS exposure in offices is associated with approximately 21,000 deaths each year in China.
Conclusion
Our study found that both smokefree policies and restrictive smoking policies substantially reduced the SHS concentration in office buildings. Both types of policies were associated with reduced SHS level in offices as well as in the entire building. In the building where a smokefree policy became effective recently, the SHS level decreased significantly as a result of the policy, especially in locations where nonsmokers spent most of their time at work, eg, offices (75% decrease) and hallways (86% decrease).
Several countries in Europe have passed laws prohibiting workplace smoking and more countries are expected to follow. 9 -11 Many states in the United States have also banned smoking at work. 12 To date, there are still no such laws or regulations at the governmental level in China and smoke-free policies at individual workplaces are rare. Despite the fact that China CDC proposed that all CDC offices, hospitals, and university hospitals around the country ban smoking in their premises, only 4 of 14 CDC buildings in the current survey had a smoking policy and none of the cities we surveyed had a city-wide policy regulating workplace smoking. A similar situation is expected in other cities that were not part of our survey. With clear evidence that workplace SHS is one of the most significant sources of tobacco smoke exposure and nonsmoking workers are facing significant health risks from being exposed to SHS at work, 13, 14 both the central and local governments should pass legislation requiring smoke-free environments in all workplaces.
